dependent.
The rolling circle plasmid pT181 is representative of a group of small multicopy antibiotic resistance plasmids in Staphylococcus aureus (13) that utilize a plasmid-coded protein (Rep) for the initiation of replication (9) . Initiation of replication is regulated primarily by antisense-mediated control of synthesis of the Rep protein (7, 12) which functions as a dimer (3a, 14a) . Initiation of replication involves a single RepC dimer, which performs a very specific enzymatic function, namely, sitespecific nicking with covalent attachment at the 5' nick terminus (16) . Recycling of the initiator, as is the case with (X174 (17) , would obviate replication control, and it has been suggested (15) that the Rep protein has to be inactivated after use. We have recently shown that RepC is indeed modified and inactivated following (or during) replication (14) . A new form of the protein, RepC*, with a higher molecular weight than RepC appears. RepC and RepC* are always found in a 1:1 ratio (14a), and the RepC-RepC* mixture is inactive as a topoisomerase and as a replication initiator. We have also shown that the inactivating modification is a covalently bound single-stranded oligodeoxynucleotide REPLCAllOÑ~+ representing the 10 to 12 nucleotides 3' to the nick site in the leading-strand origin.
Study of the RepC-RepC* structure suggests that a RepC homodimer is converted during replication to a RepC-RepC* heterodimer, explaining the 1:1 ratio of RepC-RepC* in the cell (14a) . A simplified model of replication-specific inactivation is presented in Fig. 1 
Comparison of Rep protein C termini in the pT181 family. The predicted amino acid sequence of the RepC region used to prepare the synthetic peptide for antibody production is shown (amino acids 300 to 315). The corresponding regions of Rep proteins from other plasmids of the pT181 family are aligned on the basis of homologies. Dashes indicate identical residues.
terminal end of the RepC protein by preparing a synthetic peptide consisting of the 15 C-terminal amino acids of RepC (4) (Fig. 2 ). Antibodies were prepared commercially (BAbCO, Richmond, Calif.) by coupling this peptide to keyhole limpet hemocyanin and injecting the mixture into rabbits. After a second round of immunizations the antiserum appeared to react with RepC protein on Western blots (Fig. 3 ) at a titer between 1:800 and 1:2,000.
The host does not directly affect RepC modification. We have demonstrated that RepC is converted to RepC* during pT181 replication (14) . Since pT181 replication is partially dependent on the host's general DNA replication apparatus (e.g., DNA polymerase and DNA helicase), we investigated the effect of the host on replication-dependent modification of RepC by testing for RepC* in various hosts. We analyzed RepC in Eschenchia coli using pSK184, a repC gene (with a functional pT181 origin) under the control of the lambda PR promoter borne on an E. coli vector, pKJB825 (6) , and in B. subtilis. As seen in Fig. 3 , when pT181 replicates in a B. subtilis strain (lane 5), both RepC and RepC* are detected, as bands with mobilities identical to those of the corresponding bands from S. aureus (lanes 4 and 6). In E. coli, in which pT181 cannot replicate and RepC is expressed under the control of the lambda PR promoter, only RepC is detected (lane 3). In this experiment we also analyzed the RepD protein of the plasmid pC221, and as seen in Fig. 3 , lane 2, it also has a Rep* form. This raised the possibility that other plasmid Rep proteins may undergo similar modification, which we investigated further (see below).
We tested RepC conversion in a mutant S. aureus host strain (SA1350) in which pT181 copy number is increased about 10-fold, because of a decrease in the rate of transcription of the inhibitory RepC countertranscripts and a corresponding increase in amount of RepC (3, 7) . The RepC-RepC* signal is much stronger (Fig. 4, lane 2) than that from a host without this mutation (RN27) (Fig. 4, lane 3) . In RN27, the pT181 copy number is 20 to 25 and RepC and RepC* are present in such low concentrations that they are seen as very faint bands that do not reproduce well in the figure. The signal from the mutant host SA1350 was comparable in intensity to that seen when a mutant high-copy-number plasmid, pT181 cop- Immunoblotting of whole-cell minilysates was carried out as described for Fig. 3 . Lanes: 1, SA1350 (no plasmid); 2, SA1350 (pT181); 3, RN27(pT181); 4, RN27(pT181 cop-621).
621 (150 copies) (1), was tested in RN27 (Fig. 4, lane 4) . Cross-reacting bands are occasionally seen when the antibody is used (for example, see Fig. 4, lane 4) . However, as seen in Fig. 4 , lane 1, these bands are nonspecific and are also found in the control lane (lane 1), which is the host without any plasmids.
These results are consistent with the model that states that conversion of RepC to RepC* is not a host-dependent function and that the abundance of RepC* is dependent only on the amount of pT181 replication (14a).
Generality of Rep modification. Among plasmids of the pT181 family, the Rep proteins have 75 to 85% amino acid sequence homology in pairwise comparisons and the C-terminal region is highly conserved (Fig. 2) , suggesting that antiRepC antibodies are likely to recognize the Rep proteins of the other members of the pT181 family (as seen in Fig. 3 , lane 2). We used these antibodies to probe Western blots of minilysates prepared from strains containing other plasmids of the pT181 family. As shown in Fig. 5 we detected conversion of other Rep proteins: RepJ to RepJ* (pC223, 25 copies) (lane 1), RepI to RepI* (pUB112, 30 copies) (lane 2), RepD to RepD* (pC221, 40 copies) (lane 3), and RepEl to RepE1* (pS194, 25 copies) (lane 4). We did not test the sixth member of the family, pCW7, since it is in the same incompatibility group as pS194. The relative intensity of the Repspecific bands is probably a function of the plasmid copy numbers and of the specificity of the antigen-antibody reaction.
The similar mobilities of the different RepC* derivatives can be explained by the origin structure of the corresponding plasmids. The pT181 leading strand (+) origin contains three pairs of inverted repeats (2) . The central pair IR-I1 contains the initiation nick site (Fig. 6) , which is absolutely conserved among the members of the pT181 family and which forms a cruciform in vitro and in vivo (10) . IR-I1 is flanked by IR-III, which contains the specificity determinant that varies among the plasmids. The binding site of RepC, as determined by footprinting (5), covers both halves of IR-III and the 3' half of IR-Il (IR-IIB). The oligonucleotide bound covalently to RepC* contains IR-IIB. Since IR-II is conserved among all pT181 plasmids, it is not surprising that all the Rep* proteins have the same mobility as RepC*, as shown in Fig. 5 , In this paper we have shown that conversion from RepC to RepC* is not host dependent, occurring in B. subtilis as well as in S. aureus, the native species for the plasmid. However, conversion does not take place in E. coli, in which pT181 does not replicate, or in S. aureus in the absence of a functional pT181 leading-strand origin. We also tested the hypothesis that this modification occurs among other members of the pT181 family. Not surprisingly, given the high levels of similarity among these plasmids, all the members tested showed two bands which reacted with the anti-RepC antibody, suggesting that the conversion from Rep to Rep* occurs among all the members of the pT181 family. These results suggest that modification of the replication protein by covalent oligonucleotide binding is universal for plasmids of the pT181 family. We predict that this type of modification will be found for all or most rolling circle plasmids. 
